Abstract. Both Chikungunya and Dengue virus belong to the acute arthropod-borne viruses. Because of the lack of specific symptoms, it is difficult to distinguish the two infections based on clinical manifestations. To identify and quantitatively detect Chikungunya and Dengue viruses, a real-time accelerated reverse-transcription-loop-mediated isothermal amplification (RT-LAMP) platform was developed, and 26-confirmed RNA samples, 42 suspects, and 18 healthy serum samples were evaluated by the method. The RT-polymerase chain reaction (PCR) and cDNA sequencing were used as references. The results showed that it could identify the Chikungunya and Dengue virus RNA correctly in all antibody-positive samples within 1 hour, without any cross-reactions. The virus load of the positive samples was quantitatively detected with a turbidimeter. The sensitivity was 100% and specificity was 95.25%. The findings indicate that the RT-LAMP is an effective method for rapid quantity detection of Chikungunya virus and Dengue virus in serum samples with convenient operation, high specificity, and high sensitivity.
INTRODUCTION
Chikungunya (CHIK) virus, the agent of Chikungunya fever, is an acute arthropod-borne alpha virus classified to the family Togaviridae, which was first isolated in Tanzania in 1953 1 ; it has become a new, unexpected public health problem in many tropical African and Asian countries within the past decade. Although it was historically thought of as a tropical disease, CHIK has spread to temperate regions by adapting to the Aedes albopictus mosquito caused by a genetic mutation that occurred during [2005] [2006] . 2, 3 The most serious outbreak swept over many parts of southern India in 2006 and affected more than 1,000,000 persons. 4 Later, an event was reported in Italy in 2007 (Enserink, 2007; Rezza and others 26 ) and an epidemic took place in Singapore in 2008, 5 which brought about a serious public health problem and caused a significant economic loss. This arboviral disease is now a global concern. 6, 7 Dengue (DEN) virus is a member of genus Flavivirus of the family Flavivirus. Compared with other arboviral viruses, DEN causes a wide range of serious diseases, such as dengue fever (DF), dengue hemorrhagic fever (DHF), and dengue shock syndrome (DSS). It was estimated that the annual worldwide occurrence of dengue fever is 100 million. 8 Nearly 2.6 billion people live in areas at risk of an epidemic 9 ; the latest outbreak of DEN took place in the Philippines in 2011, in which more than 38,000 people were affected, and 226 people have since died of the DEN virus.
The two kinds of infections have similar characteristics of geographical distribution and seasonal correlation, 10, 11 because they share the same vectors of transmission, Aedes albopictus and Aedes aegypti mosquitoes. Some factors such as population migration and transportation could also promote the spread of the diseases. 12 Both CHIK and DEN viruses can cause similar symptoms such as fever, rash, and severe rheumatic. However, the prognoses of the CHIK and DEN infections are greatly different. For example, DEN has a higher mortality rate. It is extremely important to identify two viruses correctly in a short time frame with simple operations, especially in countries or areas where the CHIK virus is newly discovered.
Virus isolation from infected tissue and blood specimens of the viremic patients is the gold standard for both DEN and CHIK virus detection, but this process needs at least 7 days. As for CHIK isolation, a laboratory with BSL-3 is required in China. The enzyme-linked immunosorbent assay (ELISA) has been developed. This method, a cross-reaction that occurs between CHIK virus and O'nyong-nyong virus, can take place within 2-3 hours. 13, 14 Molecular tools such as the conventional or real-time reverse transcription-polymerase chain reaction (RT-PCR) are available for the detection of DEN and virus in culture supernatants or clinical samples, 9 ,15 but precise and sophisticated equipment is needed.
In this study, a reliable, specific real-time method for quantity detection and differentiation of CHIK and DEN virus was developed based on loop-mediated isothermal amplification (LAMP). The LAMP technique is highly specific for target sequence and has been successfully used in the differential diagnosis of microorganisms such as Brettanomyces and Dekkera sp. yeasts 16 and fungi identification. 17 According to a previous study, the sensitivity of the LAMP method is below 10 copies/ reaction. 18 Because of the high amplification efficiency, the LAMP reaction can be ended within 1 hour under isothermal conditions (60-65 C) and sophisticated instruments are not required, 18 which makes this method adaptive to field diagnosis. Furthermore, as a result of the invention of the turbidimeter, which enables the LAMP technique from a qualitative detection method, becomes a kind of quantitative technique. 19, 20 In this RT-LAMP platform, a reverse transcription and amplification was designed in one step with two tubes under the same reaction conditions for rapid identification and quantitative detection of RNA for CHIK and DEN viruses, respectively. There were 42 unknown serum samples detected by RT-LAMP compared with an antibodies test and conventional RT-PCR in the study.
MATERIAL AND METHODS
RNA of the viruses. Ten RNA samples from CHIK and 12 DEN viruses were offered by the Guangdong Inspection and Quarantine Technology Center, which were collected over recent years from patient isolates. Four serotypes of DEN virus were involved, including 5 serotype I, 3 serotype II, 2 serotype III, and 2 serotype IV. All of these RNA samples have been confirmed by complementary DNA (cDNA) sequencing before being used as positive controls. West Nile virus, Japanese encephalitis virus, Yellow fever virus, and Avian influenza virus (H5N1) were selected as negative controls.
Serum samples and RNA extraction. There were 42 unknown serum samples collected from a local hospital and imported persons, who presented the CHIK-like or DEN-like symptoms during June and October in 2010 from India and Nigeria. Meanwhile, 18 healthy serum samples were selected randomly as a negative control. Informed consent was obtained from all participants. The viral RNA was extracted from 100 μL of people's serum by using the QIAamp Viral RNA Mini kit (QIAGEN, Hilton Germany) according to the manufacturer's protocol. The RNA was eluted by 80 μL elution buffer and stored at −80 C until use.
RT-LAMP for CHIK and DEN virus detection. The structural E1 gene was selected as the target of RT-LAMP for CHIKV detection. To assure the specificity of the primers, the sequences of E1 was selected and downloaded from GenBank and aligned with multiple sequence alignment tools (DNAMAN software V6 Lynnon Corporation in Canada) to identify the conserved region. The potential target region of 570 bp was finally selected from the aligned sequence, in which the mutation site (A226V) of E1 gene was avoided in overlapping. The primers used in this study were designed using the PrimerExplorer V4 software (Eiken Chemical: http:// primerexplorer.jp/elamp4.0.0/index.html). The sequence of RT-LAMP primers specified for CHIKV were as follows: CHIK-F3 (forward outer primer), 5 -CGCCCTCTTTAACG GACATG-3 ; CHIK-B3 (the backward outer primer), 5 -AATTCGGCGCTGGCTAAG-3 CHIK-FIP (the forward inner primer), 5 -TGCCTTTCTTGCTGGCTGCATATAC CAGCCTGCACCCATT-3 ; CHIK-BIP (the backward inner primer), 5 -AGTGTGCGGTGCATTCGATGATGCAGCTG AGAATTCCCTTC-3 .
As for the DEN detection, 850 bp of the potential target region of the C-prM gene was selected from the aligned sequence and the primers were designed based on the software mentioned previously. The final primer sets of the group, specific for all of the four serotypes of DEN virus were as follows: DEN-F3 (forward outer primer), 5 -GAGAAAC CGCGTGTCAAC-3 ; DEN-B3 (the backward outer primer), 5 -CCTTCCAATCTCTTTCCTGAA-3 ; DEN-FIP (the forward inner primer), 5 -AGGGCCATGAACAGTTTTAAT GGTCAGCTGACAAAGAGATTCTCA ; DEN-BIP (the backward inner primer,) 5 -CCTAACAATCCCACCAACA GCACCCTCTCAAAACATTGATAGC-3 . All primers were synthesized by Takara Biotechnology (Dalian) Co., Ltd., China.
RT-LAMP reaction. The RT-LAMP assay was performed with a loopamp RNA amplification kit (Eiken Chemical). A total of 25 μL final reaction system composed of 2 μL of template RNA, 1 μL of Bst DNA polymerase mix, 1.6 μmol L The final volume was adjusted to 25 μL with distilled water. The reaction mixture was incubated at 63 C for 90 min in a loopamp real-time turbidimeter (LA-320; Teramecs, Kyoto, Japan). The reaction was terminated automatically by inactivating the polymerase at 80 C for 2 min. The reaction was considered to be positive when the turbidity reached 0.1 within 90 min in the loopamp real-time turbidimeter (LA-320; Teramecs, Kyoto, Japan). According to the program of LA-320, the data from 10 min after the start of reaction were taken as the baseline. In the preliminary experiment, turbidity of 0.05 that was more than 10 times the variance (SD) calculated was taken as the threshold. To facilitate comparison of the results in this study, the results from other two methods were simultaneously used as judgment. First, 1 μL SYBR Green I dye (Sigma-Aldrich, USA) was added into the tube to observe the color change after the amplification procedure. For LAMP assays, the lowest bands from amplicons were purified using the QIA quick PCR purification kit (QIAGEN, Germany) and cloned into the pMD18-T vector (Takara Biotechnology (Dalian) Co., Ltd., China). 21 The sequencing was done by an ABI 3130XL genetic analyzer (Applied Biosystems, Japan).
Quantity detection of CHIK and DEN RNA. To accurately test the sensitivity of the RT-LAMP assay for CHIK and DEN virus detection, the target region of 218 bp of E1 gene and 252 bp of C-prM gene were amplified by a RT-PCR method by using F3 and B3 primers described previously. The fragment was gel purified using the gel extraction kit (Ferment) and cloned in pMD 18-T Vector (Takara Biotechnology (Dalian) Co., Ltd., China) according to the manufacture's instruction. The plasmid with a correct insert was confirmed by the DNA sequencing. The concentration of the constructed plasmid was determined by measuring the optical density at 260 nm and determined by using the following formula: copies/μL = concentration of plasmid in g/μL (plasmid length . A further serial 10-fold dilution of the plasmid was used for limit detection. The standard curves were constructed using the Tt (time threshold) value against the concentration of serially diluted plasmids.
RT-PCR. The RT-PCR method used in this study was used according to Reference 22 with a minor change of the following, verified by confirmed-RNA samples of CHIK and DEN viruses. The sequence of RT-PCR primers specified for CHIK virus was as follows (401 bp): CHIK-f: 5 -CGGTAAGAGC GGTGAACT-3 , CHIK-r: 5 -CCCGAGGGTGGTATGTGA-3 . The sequence of RT-PCR primers specified for DEN virus was as follow (1,013 bp): DEN-f: 5 -ACAGGTTCTTTTAG GGAG-3 , DEN-r 5 -TGCCATCGTCGTCAC -3 . The PCR amplification was carried out after reverse transcription was performed on the RNA samples. A total of 25 μL of reaction volume was used with 2 μL of the cDNA, 2.5 μL of the 10 + buffer, 1.5 μL (10 pmol/μL), a couple of appropriate primers, 4 μL of dNTPs mixture (2.5 mM of each dNTPs), and 0.5 μL (5 U/μL) of rTaq DNA polymerase. The reaction was performed on a BIO-RAD Peltier Thermal Cycler (California, USA) with the cycling conditions of 95 C for 5 min, followed by 35 cycles of 95 C for 30s, 55 C for 30 s, and 72 C for 60 s.
IgM and IgG detection in serum. The serum samples from the patients and negative controls were tested for the presence of IgM-or IgG-specific antibodies against CHIKV or DENV according to Reference 23. An indirect immunofluorescence test (EUROIMMUN, Lü beck, Germany) was used for CHIK-specific antibody identification, 24 and the Panbio Mac ELISA kit (Australia Panbio company in Melbourne) was used for the detection of DEN. In brief, the samples were diluted 1:10-1:80, and 20 μL were applied to each reaction, and incubated for 1 hour following the manufacturer's instructions. For the detection of IgM and IgG, the rheumatic factor was pre-adsorbed with EUROSORB reagent (EUROIMMUN, Germany). For antibody detection, anti-human IgG or IgM antibodies labeled with fluorescein isothiocyanate were used, observed, and evaluated with fluorescence microscopy. Titers 1:10 were considered positive.
RESULTS
Sensitivity of the RT-LAMP method for both CHIK and DEN viruses. The sensitivity of the RT-LAMP method for the detection of CHIK and DEN viruses was determined by testing serial 10-fold dilutions of a cloned target that had previously been quantified and compared with that of the conventional RT-PCR. The correct cloned vector was constructed and verified by DNA sequencing. A representative sensitive result of the real-time RT-LAMP for CHIK or DEN virus detection is shown in Figure 1A and Figure 1C and D) .The results of sensitivity from the conventional RT-PCR, which was as a comparison method in the study, were 270 and 120 copies/reaction for CHIK and DEN virus detection ( Figure 2E and F) against that of the RT-LAMP 27 and 12 copies/reaction for CHIK and DEN virus, respectively. It was found to be 10-fold more sensitive than that of the RT-PCR. Specificity of RT-LAMP for CHIK and DEN identification. Except for positive RNA samples of CHIK virus and DEN viruses with four serotypes, West Nile virus, Japanese encephalitis virus, Yellow fever virus, and Avian influenza virus (H5N1) were used as negative controls. Each of the samples used in the study was tested twice and results were recorded. All 10 CHIK RNA samples received positive results from the RT-LAMP for CHIK and all 12 DEN RNA was positive for DEN. No crossreactions and false-positive or false-negative results could be found (Table 1 ). Both CHIK-and DEN-specific RT-LAMP primers showed high degree of specificity by amplifying only the respective targets ( Figure 2 ). For serotypes1-4 of the DEN viruses, the same high degree of specificity could be obtained by the RT-LAMP method.
Evaluation of the samples for CHIK or DEN by RT-LAMP. Forty-two unknown serum samples were collected from the local highly suspicious patients and imported persons from India, Congo, Nigeria, Malaysia, and Singapore who (Table 1) .
After being compared with the results from other tests, it was determined that the RT-LAMP method could detect the CHIK and DEN virus RNA in all 14 of the positive IgG samples with sensitivity of 100%. The CHIK-like or DEN-like cases can be distinguished as CHIK and DEN correctly by the newly developed RT-LAMP platform with no cross-reaction. After sequencing, all of the samples that obtained positive results by LAMP or PCR were verified. The specificity of RT-LAMP platform for CHIK and DEN viral RNA detection is 95.25% (40 of 42) and 95.25% (40 of 42).
Quantitative detection of CHIK and DEN virus load in the sample. The standard curves of CHIK and DEN virus were generated by plotting the graph between various concentrations of virus genomic equivalents ranging from 2.7 + 10 6 to 27 copies/reaction and 1.2 + 10 6 to 12 copies/reaction to the time of positivity through real-time monitoring of the turbidity during amplification. The quantification of the virus load in the positive samples was extrapolated on the basis of their time of positivity (Tt-value) by employing the standard curve. The concentrations of the virus in the patient serum were found within the range of 10 to 10 6 copy/reaction. Among the three CHIK-positive samples, there were two samples of concentration that were 10 2 copies/reaction and one sample was 10 4 copies/reaction (Figure 3) .
DISCUSSION
Viral infections have become a serious public health problem in recent years. 11, 25 Emergence or reemergence of severe mosquito-borne viruses, such as CHIK virus and DEN virus, have been frequently reported worldwide and have caused a significant economic loss. 6, 11 There have been a few adaptive mutations of CHIK virus or a shift in viral genotypes; its epidemiologic characteristics or host-specific barriers have changed to distribute into new geographic ranges. It is now considered a real threat to temperate areas, such as Europe and the Americas, that are colonized by Aedes spp. 12, 26 In China, the first case infected with CHIK virus was reported in 2008. 24 In other countries like India 27 and South East Asia, numerous outbreaks have reemerged. 28 The disease that emerges or reemerges in these countries or areas not only brings an anxiety about the expansion trend of the CHIK, but also causes new social and public health problems. Both CHIK and DEN infectious diseases share the same characteristic of geographical distribution and seasonal correlation. They also have similar symptoms such as fever, rash, and severe rheumatic disorder, which increased difficulties in the differential diagnose. Moreover, the report for discrimination of the CHIK and DEN virus infection within a platform was seldom described as a simple method for early identification and differentiation of the two viruses, which has great significance for field application.
In this study, one step with two tubes, a real-time RT-LAMP platform was developed successfully, and can be used for rapid CHIK and DEN virus identification with simple operational methods. All 10 CHIK and 12 DEN viruses had positive results. The negative control, West Nile virus, Japanese encephalitis virus, Yellow fever virus, and Avian influenza virus (H5N1) received negative results. No false-positive or false-negative results were found. For these reasons, this method is an effective means to diagnose the relative RNA viruses. For example, the CHIK virus could be identified and distinguished from the DEN virus correctly without crossreaction by the RT-LAMP within 1 hour. The specificity of two RT-LAMP reactions was both 100%. In the sensitivity evaluation test, we found the detection limit of this RT-LAMP method to be 2.7 and 12 copies/reaction for CHIK virus and DEN virus, respectively. Furthermore, the new method can be used in quantitative detection of the virus copy number followed by the standard curves that were constructed. It is evident that the RT-LAMP can overcome the shortage of cross-reactions between CHIK virus and O'nyong-nyong virus by the ELISA method. 13, 29 Serum samples from 42 patients with DEN-like and CHIKlike symptoms, and 18 negative controls were tested by the RT-LAMP method compared with the real-time PCR and IgG or IgM antibody tests. We found three of them to be CHIK positive and 15 samples to be DEN positive. No crossreactions, neither false-positive nor false-negative results, could be found. In the study, the specificity was calculated as follows: (the number of true positives and true negatives)/ total number of samples. The specificity of the RT-LAMP method for CHIK and DEN detection in acute samples was 95.25% (40 of 42) and 95.25% (40 of 42).The sensitivity was 100% (1 of 1) and 100% (13 of 13), respectively. Because viral load is a useful marker of disease progression and a measure of the efficiency of antiviral compounds, 30 the quantitative detection was constructed in the study. The virus load in the clinical samples was mainly distributed within the range of 10 to 10 6 copies/reaction. The results were satisfactory for both the clinical and the field detection, though a further confirmation test with more samples should be conducted. The fact that there were only three CHIK-positive cases identified in the study indicate that CHIK virus infection in China seems relatively rare compared with that of DEN virus. No largescale local outbreak of CHIK infection has been reported in this country so far. However, according to the official data from China National Tourism Administration, more than 3.17 million people visit or return to China from epidemic countries each year, which would cause a potential public health problem. In addition, Ae. albopictus is widespread in southern China where the population density is high and many DEN virus infections have been reported. 31, 32 To determine the etiology of symptomatic visitors correctly are key measures for preventing CHIK epidemics.
As a most important mosquito-borne virus, Dengue virus is one of the major human pathogens and more than 2.5 billion people are at risk. 8 It can cause DF and DHF/DSS. There were about 100 million cases of DF and 250,000 cases of DHF/DSS occurring annually. The first dengue case was reported as early as 1978 in China. 33, 34 One of the most serious outbreaks took place in Hainan Island, and a total of 437,468 cases were reported with a morbidity level of 8,097/100,000 populations in 1980. 35 This shows that it is very important to establish a specific, sensitive, and rapid assay for the detection of DEN virus and to differentiate DEN from other viruses. Because it does not require a sophisticated instrument or a complex operation, the RT-LAMP assay can be applied easily at clinics, basic hospitals, field investigations, and especially in African and Asian countries or tropical regions where both CHIK and DEN virus diseases are major epidemics. 6, 36 The RT-LAMP method has emerged as a powerful gene amplification tool for microorganism identification, which is becoming increasingly accepted because of its advantages. The most attractive characteristic of the LAMP method is the visual determination of nucleic acid amplification, 18 which cannot only be used in well-equipped hospitals or laboratories in developed countries, but also in small-scale hospitals or even in field detection. 37 The LAMP method has been used in the differential diagnosis of the pathogens with close genetic relationships 16, 17, 38, 39 and even in the differentiation of DEN virus serotypes. 40 The appearance and use of a turbidimeter allowed the LAMP method to achieve real-time detection. In fact, it is convenient to quantitatively detect CHIK and DEN viruses by monitoring the turbidity of the RT-LAMP reaction or by visually judging the reaction by using the SYBR Green I dye, based on different requirements.
